Investigation of chemical compounds from the butanol soluble layer of the traditional herb Hovenia dulcis has led to the isolation of a new compound, identified as 2-methoxybenzoic acid-5-O-α-L-rhamnopyranoside (1), along with three known compounds, syringic acid-4-O-α-L-rhamnopyranoside (2), syringic acid (3), and vanillic acid (4). Their chemical structures were established from the interpretation of 2D NMR spectroscopic and the high-resolution mass data.
The herbal plant, Hovenia dulcis (common name Japanese raisin tree), is widely distributed in secondary forests of East Asia and the Himalayan region [1, 2, 3] . This species is one of five in the genus Hovenia, which belongs to the family Rhamnaceae [2] . Throughout history, Asians have used many different parts of this tree in food supplements and traditional medicines for the treatment of liver disease, particularly related to alcohol abuse [1, 2, 4] . The fresh peduncles and fruits of H. dulcis have a sweet taste resembling a combination of raisin, clove, and cinnamon. Recent studies have demonstrated that extracts from the peduncles and fruits of this plant have various bioactive effects, including hepatoprotective, antioxidant, antimicrobial, antidiabetic, neuropsychopharmacological, anti-cancer, antihypertension, and anti-oxidant properties [5] . Chemical research has shown an extensive combination of pharmaceutically active compounds, such as alkaloids, flavonoids, triterpenoids, and polysaccharides. As part of our ongoing research for new active compounds from traditional herbal plants, we investigated the Korean herb, H. dulcis. This led to the isolation of a new compound (1) and three known secondary metabolites; syringic acid-4-O-α-L-rhamnopyranoside (2), syringic acid (3) and vanillic acid (4) (Figure 1 ).
Compound 1 was isolated as a yellow amorphous solid. Analysis of HRESIMS data showed a pseudomolecular ion peak [M+Na] + at m/z 337.0907 (calcd for C 14 2) also supported the presence of the sugar moiety [6] . Finally, the HMBC correlation of H-1′ (δ H 5.50) to C-4 (δ C 151.1) allowed an ether link between the sugar moiety and a benzene ring, which completed the planar structure of 1 as shown in figure 1 .
The relative configurations of sugar moiety were determined by analysis of 1 H-1 H coupling constants and by interpretation of NOE data. The α configuration of sugar moiety was confirmed by the small coupling constant of the anomeric proton at H-1′ (δ H 5.50, d, J = 1.9 Hz) and the chemical shift of anomeric carbon C-1′ (δ C 100.8) [7] . The small coupling constants of H-1′ / H-2′ (J = 1.9 Hz), and H-2′ / H-3′ (J = 3.5 Hz), and a medium coupling constant of H-3′ / H-4′ (J = 9.5 Hz) indicated their equatorial and axial positions, respectively. Furthermore, NOE correlations of H-2′ and H-5′ to H-3′ established an equatorial position for H-2′, an axial position for H-5′, and an equatorial position for the methyl group of C-6′ ( Figure  3) . Therefore, the hexose moiety of compound (1) was determined as rhamnose. The absolute stereochemistry of rhamnose in 1 was proposed to be L-configuration from the comparison of optical rotation and carbon chemical shifts to the literature [8] . The structure of compound 1 was determined as 2-methoxybenzoic acid-
Along with 1, three known compounds, syringic acid-4-O-α-Lrhamnopyranoside (2) [8] , syringic acid (3) [9] , and vanillic acid (4) [10] were also isolated. The known compounds were identified by comparing the NMR spectroscopic data to the literature. The compounds 1-4 were evaluated for monoamine oxidase inhibition and anti-osteoporosis activities. However, the four compounds did not show any significant activities in these assays. Further, compounds 1-4 were tested for anti-oxidant activities including: DPPH free radical scavenging [11, 12] , ABTS cation radical scavenging [13] , superoxide anion scavenging [14] [20, 21] , and Fe 3+ → Fe 2+ reduction potential [16, 22] . Compounds 1-4 displayed weak antioxidant activity. In assays using 100 µM, compound (1) exhibited a radical scavenging inhibition rate of 37% for ABTS cation radical, 20% for DPPH radical, and 8% for superoxide anion radical; it did not show any significant inhibition activity at 100 µM in the Fenton reaction assay. Compounds (2) and (3) showed weak activity in the DPPH radical scavenging assay, with IC 50 values of 80 µM and 82 µM, respectively (ascorbic acid, IC 50 = 64 µM). Compounds 1-4 did not exhibit any significant activity in the other antioxidation assays.
Experimental
General: NMR spectra were measured by Varian Inova NMR spectrometer (300 and 75 MHz for 1 H and 13 C NMR, respectively), using the signals of the residual solvent as internal references (δ H 3.31 and δ C 49.1 ppm for methanol-d 6 (MeOD). EI-MS spectra were obtained by JEOL JMS-AX505WA mass spectrometer. Lowresolution LC-MS data were acquired using an Agilent Technologies 6120 quadrupole LC/MS system with a reversedphase column (Phenomenex Luna C 18 (2) 100 Å, 50 mm × 4.6 mm, 5 μm) at a flow rate of 1.0 mL/min. Open column chromatography was performed on C 18 (40-63 μm, ZEO prep 90) with a gradient solvent of water (H 2 O) and methanol (MeOH). The fractions were purified by using a reversed phase HPLC Phenomenex Luna C 18 (250 mm× 10 mm, 5 μm) column with a mixture of acetonitrile (ACN) and H 2 O at a flow rate of 2.0 mL/min.
The following chemicals were purchased from Sigma-Aldrich, St. Louis, MO, USA), with the exception of potassium persulfate (Junsei, Japan), HPLC grade methanol, and ethanol (J.T Baker, U.S.A). Ascorbic acid, 1,1-diphenyl,2-picryl hydrazyl (DPPH), gallic acid, vanillin, (+)-catechin, sulfuric acid, thiobarbituric acid (TBA), rutin trihydrate, sodium dodecyl sulfate (SDS), trichloroacetic acid (TCA), 2,2'-azobis(2-amidino-propane) dihydrochloride (AAPH), sulfuric acid (H 2 SO 4 ), 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt, fluorescein, (±)-6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), potassium ferricyanide (K 3 [Fe(CN) 6 ]), ferrous sulfate (FeSO 4 ), ferric chloride (FeCl 3 ), sodium carbonate (Na 2 CO 3 ), sodium nitrite (NaNO 2 ), sodium hydroxide (NaOH), aluminum chloride (AlCl 3 ), copper(II) chloride (CuCl 2 ), iron(II) chloride (FeCl 2 ), ethanolic neocuproine, Folin-Ciocalteuphenol reagent, 2,2′-bipyridyl, ethylene-diamine-tetraacetic acid (EDTA), ammonium acetate, and dimethyl-sulfoxide.
Plant material:
The Hovenia dulcis branch materal was purchased from the Jangheung Hovenia dulcis Agricultural Cooperative Association (Bukgyo-ri 337-3, Jangdong-myeon, Jangheung-gun, Jeollanam-do, South Korea) and its identity was confirmed by the National Agricultural Products Quality Management Service.
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Extraction and isolation: Dried branch sections were extracted at room temperature with ethanol. The crude extract of ethanol after evaporation was diluted in water and partitioned by n-butanol (BuOH), ethyl acetate (EtOAc), methylene chloride (MC) and nhexane (Hex). 30 g of bioactive BuOH extract was subjected to reversed-phase C 18 silica flash chromatography using gradient elution (100% of H 2 O to 100% MeOH) to yield nine fractions. Fraction 2 (3.5 g) was separated by prep-HPLC using an isocraticcondition with H 2 O-MeOH (85:15) to afford 16 fractions. Fractions 5, 7 and 10 were further processed by reversed-phase HPLC with an isocratic condition at 10% of ACN in water (Luna C 18 (250 mm× 10 mm, 5 μm) column with mixture of ACN and H 2 O at flow rate of 2.0 mL/min.) to yield compounds 1 (6.8 mg), 2 (1.5 mg), 3 (2.9 mg) and 4 (3.4 mg). Antioxidant activity DPPH free radical scavenging activity: The antioxidant activity was studied using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical as previously described with slight modifications [11, 12] . The DPPH solution (0.45 mM) was prepared daily in a 50 mL conical tube and kept in the dark at 4°C. The DPPH solution (120 μL) was added to 60 μL of sample, control, or standard solution at different concentrations in 70% ethanol. The solutions were mixed, covered, and allowed to react in the dark for 15 minutes; afterward, the absorbance at 517 nm was read. Ascorbic acid was the standard. The data were presented as the mean values ± standard deviation (SD) of three measurements. The percentage of free radical scavenging was computed using the following equation:
2-Methoxybenzoic acid-5-O-α-L-rhamnopyranoside

Scavenging rate (%) = [A (blank)-A (sample)] / A (blank) × 100
ABTS cation radical scavenging activity: ABTS cation radical scavenging activity of the compounds was performed using the spectroscopic method [13] The ABTS cation radical (ABTS •+ ) was acquired by reacting 7 mM solution of ABTS with 2.45 mM potassium persulfate reaction. The mixture was left to stand in the dark at room temperature for 12 -16 h before use. Prior to assay, the ABTS radical cation solution was diluted with ethyl alcohol to an absorbance of 0.750 ± 0.05 at 734 nm. The ABTS
•+ solution was then added to each sample, standard, and control solution. The data were presented as the mean values ± standard deviation (SD) of the three measurements. The extent of decolorization was calculated as a percent reduction in absorbance. The percentage of cation radical scavenging was computed using the following equation:
Scavenging rate (%) = [A (blank)-A (sample)] / A (blank) × 100.
Superoxide anion scavenging activity:
The superoxide radical scavenging activity of the compounds was performed as previously described with slight modifications [14] . Each sample, standard, and control solution (10 μL) was added to the 96 wells followed by 40 μL of 0.1 M phosphate buffer (pH 8.0) and 100 μL of xanthine oxidase (sol. in buffer, 0.05 unit / mL). Next, the 100 μL of substrate [sol. in buffer, xanthine (0.4 mM) + nitroblue tetazolium (NBT, 0.24 mM)] was added to the mixture. This was covered and allowed to react in the dark at 37°C for 20 min. The plate was read at 510 nm. Ascorbic acid was used as the standard. The data were presented as the mean values ± standard deviation (SD) of three measurements.
Scavenging rate (%) = [A (blank)-A (sample)] / A (blank) × 100
Fe 2+ chelating ability: The metal chelating ability of the compound was measured as previously described [15] with slight modifications [16] . The Fe 2+ -binding capacity of extract and fractions was demonstrated at 562 nm. In brief, a mixture of FeCl 2 (0.1 mL, 0.6 mM) extract and fractions was added at five different concentrations in methanol (0.4 mL). The reactions were started via bipyrdyl solution addition (0.1 mL, 5 mM). After that, each solution was mixed and incubated at room temperature for ten minutes. The Fe 2+ chelating ability of each solution was then calculated as a percent inhibition according to the following equation:
The data were presented as the mean values ± standard deviation (SD) of three measurements.
Cu
2+ reducing power (CUPRAC) ability: The Cu 2+ reducing power was studied using the reducing ability method described by [17] and [18] with slight modifications. Aliquots of CuCl 2 solution (0.25 mL, 0.01 M), ethanolic neocuproine solution (0.25 mL, 7.5 × 10 −3 M), and NH 4 Ac buffer solution (0.25 mL, 1.0 M) were transferred to a test tube containing the compound at five different concentrations. Water was added to 2 mL of total volume, and the sample was then shaken vigorously. The absorbance values of the samples were recorded at 450 nm after 30 min [19] . The data were presented as the mean values ± standard deviation (SD) of three measurements.
Fe
3+ − TPTZ − Fe 2+ − TPTZ reducing (FRAP) ability: The FRAP assay for the compounds was performed following the method described by [20] and [21] with slight modifications. The TPTZ solution (2.25 mL, 10 mM TPTZ in 40 mM HCl, sol. in H 2 O dissolved at 50°C) was freshly prepared and then transferred to acetate buffer (25 mL, 0.3 M, and pH 3.6) and FeCl 3 solution (2.25 mL, 20 mM) in water (37°C, water bath 10 min, cocktail solution). Then, different concentrations of compound were added to each well (25 μL) along with 175 μL of cocktail solution. Plates were incubated at 37°C for 10 min. Finally, the absorbance of each mixture was measured at 593 nm [20, 22] . Data were presented as the mean values ± standard deviation (SD) of three measurements. 6 reduction method described by [16] and [22] was used with slight modifications. In brief, 0.75 mL of subterranean part extract fractions in deionized H 2 O were added to 1.25 mL of 0.2 M phosphate buffer (pH 6.6) and 1.25 mL of 1% potassium ferricyanide [K 3 Fe(CN) 6 ]. Each solution was then incubated at 50°C for 20 min. After incubation, trichloroacetic acid (TCA) was added (1.25 mL, 10%). Finally, FeCl 3 (0.5 mL, 0.1%) was transferred to each mixture, and the absorbance values were measured at 700 nm in a spectrophotometer. Data were presented as the mean ± standard deviation (SD) of three measurements.
